The Evolution of Perissodonta and Tylospira 
(Struthiolariidae) 

By J. E. Morton 
Abstract 

A description is given of the radula, operculum and some features of the female 
reproductive system m two genera of the Stiuthiolarndae, Perissodonta and Tylo¬ 
spira The phylogeny of the family is discussed m the light of this and of previous 
mfoimation. It is shown that the Sti uthiolarndae provide an exception to Thorson's 
general statement of the relation between the environment and the type of life history 
in the prosobranchs. 


The mesogastropod family Struthiolariidae has strong claims to the attention 
of the evolutionist. First, it is a group where the fossil record is very complete. 
Secondly, its palaeontological features are able to be related with some confidence 
to the anatomy of the recent species, while this in turn may be interpreted by a 
knowledge of ecology and adaptations to mode of life. Studies on the living 
animal (Morton, 1950; 1951) have amply confirmed Fmlay and Marwick’s (1937) 
derivation of the Struthiolariidae from the Aporrh&idae; there are perhaps few 
clearer cut examples of intermediate types than that of Perissodonta, standing 
almost midway between Aporrhais and the modern struthiolariids. In the New 
Zealand Miocene and later horizons, there are two long distinct, and parallel 
lines of Struthiolariidae— Struthiolaria (s. str.) and Pehcaria, each represented 
to-day by a single living species Of a third genus, the Australian Tylospira, 
there is also one surviving species; and the fourth genus, Perissodonta, which 
was originally circum-Antarctic in range, has two recent species, closely related 
but widely separated geographically—namely, georgiana, from South Georgia, 
and mirabihs, from Kerguelen Land. 

There remained from the present writer’s discussion of phylogeny (1950), 
a need to elucidate the relationships of the genus Tylospira with the rest of the 
family. This is now possible by the kindness of Dr. W. J. Rees, Assistant Keeper 
of Zoology at the British Museum, who not only lent for examination the single 
spirit specimen of Tylospira scutulata (B.M. 1890—4.14.44) but also made avail¬ 
able an animal of Perissodonta mirabihs (B M. 1887 — 2.9 1273), a species 
previously known only from Smith’s figures (1877) of the radula and operculum. 
We now have some information at least on the animals of each of the five living 
struthiolariid species, and slides of mounted radulae and opercula of the two 
last-named species have been deposited in the British Museum. 

A figure is provided here of the shell of Perissodonta mirabilis (PI. 19, Fig. 1), 
with figures of two aporrhaids for comparison—namely, Aporrhais occidentals, 
(PI. 19, Fig. 3) showing the more generalised condition of the aperture in this 
family, and the rather more advanced A pes-pelicani (PI 19, Fig, 4). A figure 
of Tylospira scutulata, showing only slight development of the apertural callus 
characteristic of this species, is also included (PI. 19, Fig 2) The writer is further 
indebted to the British Museum for these photographs. 
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SYSTEMATIC FEATURES 
1. The Radula 

In radular characters. Aporrhais may be held to represent the basal type in 
the superfamily Strombacea, and an illustration is now provided of the radula 
of A. pes-pelicani (Text-fig. la) showing greater detail than the reproduction 
from Troschel (1856) figured by Morton (1950), The central tooth is broadly 
rounded anteriorly and tapers to a narrow flange behind. The central cusp of 
this tooth is short and broad, consisting of a single large denticle, flanked by two 
pairs of smaller ones, and with a series of 3 or 4 tiny cusps at either side, along 
the anterior margin of the tooth. The lateral teeth are triangular in shape and 
very broad, about three times the breadth of the central, with a broadly curved 
anterior margin, from which denticles are entirely lacking or very obsolete. 
The marginals are slender and narrow, strongly curved, and much longer in 
proportion to the rest of the radula than are the reduced marginals m the 
struthiolariids. They have no trace of separate cusps or denticles, the tips being 
smooth. It is probable that in A pes-pelieam , the species of which it was most 
easy to obtain the animal, the radula is in some features specialised in comparison 
with that of other aporrhaids, as for example in the great breadth of the laterals 
and in the lack of denticulations on these and on the marginals. 

Perissodonta mirabilis (Text-fig. lb) agrees with P. georgiana (as illustrated 
by Morton (1950) and Powell (1951)) in the aberrant feature of multiplication 
of the marginal teeth. The single specimen of P. mirabilis examined has four 
pairs of marginals; in P. georgiana, there may be four or sometimes five In 
other features the radula is clearly intermediate between the aporrhaid and the 
modern struthiolariid condition. The separate denticles of the central tooth are 
already arranging themselves at either side of the median denticle into a single, 
large, triangular cusp, and the individual denticles tend to become reduced in 
size. The central tooth is rounded in front, narrowing behind, and thus still 
displays the aporrhaid shape, as does also the lateral tooth, though in Perisso¬ 
donta the triangle of the lateral tooth is much less broad, scarcely if at all wider 
than the central tooth. Moreover, the lateral tooth is strongly cusped with a large 
antero-median denticle extending towards the midline, together with a row of 
about 12 smaller denticles along the anterior edge. The marginals are also finely 
cusped, resembling those of Strntlmolana (s. str j. The size of the radula relative 
to the size of the animal is greatly reduced in all the Struthiolariidae as compared 
until the Aporrhaidae, as may be seen from the scales provided with the radulae 
shown in Text-fig. 1. (It should be remembered that the animal of Aporrhais 
pes-pelicani is of rather less than half the actual size of the two struthiolariid 
animals considered.) As ciliary feeders, the Struthiolariidae show a well-marked 
general trend towards reduction of the radula; the smaller denticles are indeed 
of such minute size that most of the evolution of the radula in this family has 
probably taken place well outside the field of adaptive play. 

In Tylospira (Text-fig. le) the central tooth has assumed the modern struthio¬ 
lariid shape, straight across the anterior edge, and broadly rounded or obtusely 
pointed behind. Its central cusp is of the more advanced, triangular form, finely 
serrate along its straight free edges. It is much elongated, so as to project back¬ 
wards over the anterior margin of the succeeding tooth, and in this feature it 
most resembles Pelicaria. This likeness is shared by the lateral teeth, which are 
now rectangular plates, with a single antero-median cusp, triangular m shape. 
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aud serrated by a row of fine denticles, much less pronounced than in Perisso¬ 
donta . The marginals in Tylospira are rather short and blunt, and they have 
no fine denticulations. In Pelicana the denticulations on the marginals are much 
reduced, but on most teeth still easily detected. In examining struthiolariid 
radulae it is important that teeth be selected which have come to lie as nearly 
flat as possible so that the cusp may be observed at its greatest length. Some 
of the older figures, such as that of Troschel (1856) contain examples of marginal 


L 



Perissodonta mirabilis (b) and Tylospira scutulata (c) The lateral and marginals of 
one side are in each case omitted or mtenupted. and in Tylospn a scutulata a single 
central tooth, from furthei foiward, with the cusp worn, is shown foi companson with 
the intact tooth. The scale m each case lepiesents 0.2 mm 
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teeth viewed in the erect position, rather than lying flat against the slide. In 
Pelicaria and Tylospira, the true length of the cusp of the central is always a 
good deal more than its basal width, the chief point of contrast with Struthio- 
laria. Further, the worn teeth near the front of the radula should be avoided, 
since the cusps are often blunt or greatly reduced in length. 

♦ 2. The Operculum 

The operculum calls for few additional remarks in the genera studied here. 
It is set transversely at the posterior end of the foot, immediately above the 
margin of the sole, and in Perissodonta mirabihs (Text-fig. 2b), like P. gcorgiana 
(see Morton, 1950; Powell, 1951) the blade of the operculum is obtusely angled 
along the median line so as to form two planes, of which the one adjacent to 
the opercular spine is the smaller In other features, such as the short, strong 
spine, the operculum of Perissodonta mirabilis is typical of that of modern 
struthiolariids. 

In Tylospira scutulata (Text-fig. 2c) the operculum shows but little difference 
from that of Pelicaria (see Powell, 1951) It may be distinguished from that of 
Perissodonta by the somewhat greater breadth of the blade as compared with 
its length, and by the less oval, and more rhomboidal shape of the attachment 
area. 

The operculum of Aporrhais pes-pelicani is illustrated for comparison (Text- 
fig. 2a). It exhibits a strong, heavily chitinised rim, surrounding the ar p a of 
attachment to the foot. By the extension of this rim in the struthiolariids was 
developed the strong spine which supports the tip of the operculum, and projects 
freely beyond the edge of the foot. The evolution of the struthiolariid operculum 
from the aporrhaid is closely correlated with a change m the mode of locomotion. 
The Struthiolariidae have proceeded parallel to the Strombidae in the use of 
the claw of the operculum for gaining purchase m the soft substratum It is also 
able to be used defensively. Another, and more general, mode of locomotion m 
the struthiolariids is by creeping on the broad sole of the foot, or by raising 
the shell from the ground and lunging bodily forward as in the Aporrhaidae. 
These latter movements, performed on the expanded sole, are according to Yonge 
(1937) the only types of locomotion in use in the Aporrhaidae, though from 
the spade-like distal end of the operculum, which was not figured by Yonge, it 
may be suspected that Aporrhais, too, has begun to use the operculum for gain¬ 
ing purchase in the substratum, especially in the characteristic “righting move¬ 
ment” after the shell has been overturned Throughout the Strombacea, the 
trend in locomotion is towards muscular lunging or leaping movements, and the 
loss of the creeping habit; in this trend the Strombidae have evolved furthest— 
with the complete loss of the sole, the Struthiolariidae have gone some distance, 
while the Aporrhaidae retain almost the primitive condition In a forthcoming 
review’ of the history of the Strombacea, it is hoped to discuss each of the trends 
displayed in the evolution of the shell and the operculum, and to show* the 
relation of these to changes in burrowing habits and in means of progression. 

Reproductive Habits 

The correlation of the form of the shell apex with the mode of development 
in the Struthiolariidae w r as previously pointed out by the writer (1950). Extend¬ 
ing the argument of Dali (1924), Thorson (1950) proposed that “as a general 
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Text-fig 2 — Diagiammatic views of the undersurface* of the opeieula of (a) Aponhais pc, s- 
pelicani, (b) Perissodonta mnabihs and (c) Ttjlospvut scutulata. The thickened chitm- 
ised inn, pioduced m the Stiuthiolarudae to foim the spme, is shown stippled 


rule, a clumsy, large apex points to a 11011 -pelagic development, while a narrowly 
twisted apex, often with delicate sculpture, points to a pelagic development. ’ ’ 

In none of the perissodontid shells that the writer has examined was the 
apex free from erosion, but in one specimen of Perissodonta georgiana the proto¬ 
conch was reasonably intact and was found 1o be small and closely coiled, as in 
Struthiolaria s str . The four available animals of P. georgiana were unfortun¬ 
ately all males, and no information could be gained as to the presence or absence 
of an incubatory pouch. In was, however, previously assumed (Morton, 1950) 
on the evidence of the protoconch of P georgiana that the larval life was in this 
genus unabbreviated, resembling that of Aporrhais (Lebour, 1938) or that—at 
least—as m Struthiolaria sstr there remained a fairly lengthy free-swimming 
stage in the life history. The specimen of P. mmibilis lent by Dr. Rees was a 
female, and the structure of its reproductive organs greatly strengthens the 
view that Perissodonta closely resembles Aporrliats m its reproductive habits. 
The edge of the mantle (Text-fig 3a) has no incubatory pouch, m striking con¬ 
trast to Struthiolaria and Pehcaria as described by Morton (1950). The ciliated 
oviducal groove, by which the egg path is prolonged forward from the opening 
of the capsule gland, terminates not—as m the modern struthiolariids—at the 
end of the food groove and opposite the incubatory pouch, but runs forward to 
the edge of the sole (Text-fig. 3a, OV 6 A). By this means, in the Aporrhaidae 
and in some at least of the Strombidae, the eggs are carried forward to the level 
of the substratum where—as shown by Lebour (1938)—they are attached separ¬ 
ately to sand grains This is the basal condition of the reproductive organs in 
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Text-fig. 3. — (a) Penssodonta mirabihs Anterior portion of the animal, includ¬ 
ing the head, foot, and pallial region, viewed from the right side after the 
pallial cavity has been opened along the mid-line, (b) Struthiolaria papulosa. 
A similar view of the head, and the incubatory pouch lying on the right side 
of the pallial skirt. 

AN, anus; BR, incubatory pouch; CPS, capsule gland; CT, ctenidium; ES, 
egg string; F, sole of foot; FG, food groove, HY G, hypobianchial gland; M, 
mantle; OP, operculum, OV G, oviducal gioove; OV G A, antenor prolongation 
of the oviducal groove along the foot; PR, pioboseis, P T, pallial tentacle. 
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the more primitive Strombacea, and for those Struthiolariids that retain it, we 
may reasonably predict a fairly long' larval life, the eggs having comparatively 
little yolk and being deposited early. This supposition in turn helps to explain 
the surprisingly wide distribution of the genus Perissodonta at the present 
day—or more properly, the wide separation of its two remaining species, a fact 
greatly at variance with the very localised distribution of the three remaining 
struthiolariid genera. 

In Tylospira scutulata , the female genital system is scarcely distinguishable 
from that of Struthiolaria and Pelicana. The ciliated ovidueal groove, leading 
forward from the capsule gland, terminates at the end of the food groove, while 
on the right side of the inner surface of the mantle opens a large, ovoid incubatory 
pouch (Text-fig 3b BR). The aperture of the incubation pouch is able, when the 
head is retracted into the mantle cavity, to be held closely against the termination 
of the ciliated ovidueal groove, as in Strnthiolaria (Text-fig 3b). The eggs are 
at this stage able to be transferred to the pouch, while at the hatching and escape 
of the young, the pouch is able, as in Struthiolaria, to be extended freely across 
the lip of the shell, by the expansion of the mantle. No eggs were found in the 
incubatory pouch of Tylospira, but from the appearance of the capsule gland, 
which is long and narrow and “ segmented ” into a succession of pockets as in 
Struthiolaria , it seems likely that the egg capsules are rather small and attached 
end to end in a string, in contrast to Pelicana , where there is a small number of 
larger capsules, each of which in turn fills the whole capsule gland. Whether or 
not Tylospira has lost the free-swimming stage must remain uncertain, though 
the evidence of the bulbous scaphelloid apex would strongly suggest an abbrevi¬ 
ated life history. The apical bulb is, however, a little smaller than in Pelicaria, 
and this fact, together with the resemblance of the capsule gland to that of 
Struthiolaria , would suggest that the amount of egg yolk in Tylospira is smaller 
than in Pelicana It is probable—on the whole—that in Tylospira, the young 
are retained in the incubatory pouch for the full duration of their development. 
The restricted range of Tylospira would suggest this to be so, and it is worthy of 
remark how closely the extent of the geographical range in the four existing 
genera of the Struthiolariidae reflects the stage of evolution reached in their 
reproductive habits. 


Table I. 

Companson of the Geogiaphical Range of the Stiuthiolarnd Geneia with Their 
Repi oductive Habits and Apical Type. 

Genus. Geogiaphical Range. Repi oductive Habit Apex. 


PERISSODONTA Wide and discontinuous 
Keiguelen Id (mua 
b\hs), S Georgia 
{ycorgiana) 

STRUTHIOLARIA Thioughout NZ. and 
doubtfully at Kerma- 
dec Is (Oliver, 1915) 
TYLOSPIRA New South Wales only. 


\nith Island of N.Z. 
only 


No incubation, veil- Small and multi - 
gets free-swimming spiral. 

Short incubation, veil- Small and multi- 
geis later swimming spnal. 

fieely on liberation. 

An mcubatoiy pouch Large and bul- 
and probably full m- bous 

cubation 

Full incubation, no Large and bul- 
fi ee-swimming veil- bous. 

ger. 


PELICARIA 
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The reproductive habits of the living genera of the Struthiolariidae provide 
an interesting exception to the general rule propounded for the prosobranchs 
by Thorson (1950). He states (p. 33) “all high arctic prosobranchs hitherto 
examined proved to have a non-pelagic. development, and not a single larval 
prosobranch is known from arctic or antarctic plankton. As, in contrast to this, 
in the tropical marine area round the Bermudas up to 85% of the prosobranchs 
reproduce by pelagic larvae . . . this group of animals seems to be a very 
fine ‘barometer ’ of ecological conditions/’ The Struthiolariidae, alone, it seems, 
among the prosobranch families of which we have record, appear to reverse this 
rule: the antarctic and subantarctic genus Perissodonta is the only group with 
an unabbreviated life history, and among the genera of warmer temperate seas, 
two—namely, Tylospira and Pelicaria have a non-pelagic development. Thorson’s 
rule—while undoubtedly holding good generally—requires modification in some 
points. As well as ecological conditions, there can be no doubt that phylogeny 
also plays its part in determining the character of the apex. Neglecting at first 
the influence of sea temperature on the type of larval life, it must be remembered 
that pelagic development with a small multispiral apex is likely to be the primi¬ 
tive condition in a given family, as it is among the prosobranches as a whole, and 
that abbreviated development, with a large, bulbous apex, is a derived condition 
which may, or may not, be developed in later forms. Finlay (1931), without 
laying stress on the influence of ecological conditions, makes clear his belief that 
the “scaphelloid”apex is derived from the multispiral type, and never the reverse. 
We may thus assume that evolution within a prosobranch genus or family moves 
from a closely coiled to a bulbous condition of the apex; and that ecological 
conditions come into play in determining the rate at which such a change will 
take place and the extent of its occurrence within a given group. Finlay’s view 
that these two types of apex will never occur in different species of the same 
genus would be open to objection as taking a rather too restrictive view of the 
evolutionary range possible within a generic group. The English species of 
Littorina provide an example of differences in mode of development and form 
of apex existing within a single genus; so does the case discussed by Thorson 
(1950) in which two species of Natica are cited with pelagic development, two 
with non-pelagic. In the Struthiolariidae, if the living species Struthiolaria 
papidosa and Pelicaria vermis were considered alone, without knowledge of the 
long separation of their Tertiary ancestors, it would be difficult indeed to justify 
their location in separate genera. 

In the present case, it may safely be held, following the work of Marwick 
(1923) and, especially, Finlay and Marwick (1937) that the Struthiolariidae are 
a southern derivative of the Aporrhaidae that originated on the shores of an 
antarctic land mass and achieved their present distribution by radial spread 
It is thus the two most southern living species, Perissodonta georgiana and 
P. miraMlis , that must be considered closest to the primitive stock of the family; 
and it is in these species that the multispiral apex, with unabbreviated develop¬ 
ment has survived as a primitive condition, notwithstanding the apparent un¬ 
favourableness of the environment for such a life history. Conversely, and in 
contrast to Thorson’s rule, the latter genera of the family, Struthiolaria , Pelicaria 
and Tylospira , and in spite of their warmer habitat, have each progressed, wholly 
or partially, towards that suppression of larval life characteristic of derived 
genera. 
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Plate 19. The shells of Perissodonta mirabilis (1), Tylospira scutulata (2), Aporrhais oeci- 
dcntalis (3), and Aporrhais pes-pelicaui (4). (Natural size.) 
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Taxonomy of the Struthiolariids 

Recent practice as to generic nomenclature in this family has varied. 
Struthiolana, Pelicaria and Tylospira are each undoubtedly natural divisions, 
and as such were used sectionallv by Finlay (1927) and Powell (1951). Morton 
(1950) and Marwick (1951, 1952) have employed them as full generic names. 
Commendable though it be to keep innovations in nomenclature at a minimum, 
it is, nevertheless, clear that in the Struthiolariidae the relatively slight morpho¬ 
logical differences between Struthiolaria and Pelicaria conceal long-standing 
differences, separating two large groups of species in time past. Separate names 
in some form are needed, and deserve to be recognised, it is scarcely reasonable 
to require our taxonomic system to be simpler than the observed facts it has to 
express, and in the case of well-charted fossil lineages, these facts are likely to be 
complex On the other hand the plight of the general zoologist interested in one 
or more aspects of the mollusca should not be left out of account; and in a case 
where three living species alone survive, forming together an undoubtedly close 
natural group, the student may rightly be dismayed to find them provided with 
a genus each These three names, together with Calhisana (Finlay, 1927) and 
Singletonaria (Marwick, 1952) can probably be best employed sectionally. 
Struthiolaria may remain the inclusive genus, without detriment to a natural 
arrangement, and for precision of reference the sectional or group name may 
be inserted in its brackets whenever the nature of the discussion requires it. 

Perissodonta may well remain a full genus. It forms a clear-cut group, with 
two species strikingly alike m conchological, radular and opercular features. 
In the aporrhaid facies of the shell, the absence of an incubatory pouch m the 
female, and in the primitive characters of the radula, Perissodonta forms a 
valuable intermediate genus In the specialisation of the gill and in the develop¬ 
ment of ciliary feeding, as well as in the possession of the clawed operculum, 
it is equally clearly a good struthiolariid 

Discussion 

Of the modern struthiolariids, Tylospira would seem to be the closest to 
Pelicaria in the characters of the animal, radula and operculum, as well as in the 
seaphelloid apex and the probable loss of the free-swimming larval stage. Both 
are also close—though rather less so—to Struthiolaria . and m the more funda¬ 
mental characters of Ihe animal have shown great conservatism to change. 
Pelicaria is of rather late (Upper Miocene) New Zealand origin, and its re¬ 
semblances to the Australian Tylospira therefore involve the same difficulties 
as Marwick (1952) has pointed to, in discussing the Pehcaria-Smgletonaria 
relationship. Tylospira must have been restricted m its range by the loss of 
the free-swimming veliger stage, and—rather than to postulate a post-Miocene 
crossing of the Tasman—it seems much more reasonable on geographical grounds 
to suppose that Tylospira took its origin from Struthiolaria in New Zealand 
at a much earlier date, possibly in the Oligocene As has been already pointed 
out (Morton, 1950), it is not necessary to insist that the seaphelloid apex was 
developed only once in the Struthiolariidae Its occurrence is a normal corollary 
of the incubation of the eggs m a brood pouch, with the consequent need of a 
larger volume of yolk, and it is very possible that parallel evolution of incubation 
has taken place in the two most advanced genera of the family—namely, Pelicaria 
and Tylospira In the same manner, the evolution of the radula in these genera, 
with its elongated central cusps and loss of denticles on the marginals, might be 
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regarded as a minor ‘‘ orthogenetic ’ 9 trend, that was followed more than once 
among “advanced” genera of the Struthiolariidae. We may on the whole, then, 
in morphological features and m life history, regard Tylospira as most closely 
related to Pelicaria, while remembering that none of these facts would exclude 
the hypothesis of parallel evolution, if the geographical evidence should seem to 
require it. 

The Australian Singletonaria (Marwick, 1952) is probably another advanced 
genus having a scaphelloid apex, and showing restraint of the callus of the inner 
lip and simplification of the outer lip, in general similar to the condition of 
Pelicana. In both cases also the brephic whorls are convex and spirally sculp¬ 
tured. Because of the geographical difficulties of a Pehcaria-Smgletonana con¬ 
nection, Marwick (1952) turned to consider the relationships of the two Aus¬ 
tralian struthiolariids, concluding that Tylospira, also possessing convex and 
spirally sculptured brephic whorls, might represent a stock of which Single¬ 
tonaria is the neotenic descendant. Alternatively, the modern Tylospira could 
have been derived by the pressing back of the earlier convex, spirally sculptured 
stage into the initial part of the life history, while the overgrowth of the 
later whorls by a callus layer arose as a later gerontic feature. 
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